An efficient solid-phase methodology has been developed for the synthesis of 2-amino and 2-amidobenzo[d]-oxazole derivatives. The key step in this procedure involves the preparation of polymer-bound 2-aminobenzo- [d]oxazole resins 4 by cyclization reaction of 2-hydroxyphenylthiourea resin 3. The resin-bound 2-hydroxyphenylthiourea 3 is produced by the addition of 2-aminophenol to the isothiocyanate-terminated resin 2 and serve as a key intermediate for the linker resin. This core skeleton 2-aminobenzo[d]oxazole resin 4 undergoes functionalization reaction with various electrophiles, such as alkylhalides and acid chlorides to generate 2-amino and 2-amidobenzo[d]oxazole resins 5 and 6 respectively. Finally, 2-amino and 2-amidobenzo[d]oxazole derivatives 7 and 8 are then generated in good yields and purities by cleavage of the respective resins 5 and 6 under trifluoroacetic acid (TFA) in dichloromethane (CH 2 Cl 2 ).
Introduction
Heterocyclic compounds serve as ideal scaffolds on which pharmacophores can be appended to yield potent and selective drugs.
1 This is especially true for five-member ring heterocyclic compounds, which are core components of a large number of substances that possess a wide range of interesting biological activities. In this respect, the potential of the benzo[d]oxazole scaffold to serve as a privileged structure for the generation of drug-like libraries in drugdiscovery programs has been plentifully demonstrated in medicinal chemistry.
2 As part of a recent drug discovery effort, we explored target libraries that are based on the fivemembered heterocyclic privileged structures.
3 Even though, benzo [d] oxazole derivatives are of particular interest in medicinal chemistry and, consequently, have been targets of a number of solution-and solid-phase synthetic studies, 4 the methods developed to date for the preparation of benzo-
[d]oxazole libraries do not have sufficiently high levels of diversity. Therefore, we have previously concentrated our efforts on describing a facile and rapid solid-phase strategy for the preparation of a small molecule library based on the benzo [d] oxazole scaffold. And, we reported a useful method for the solid-phase synthesis of 2-aminobenzo[d]oxazole derivatives using thioether linkage as the safety-catch linker.
5
In the processes, the choice of the linker that serves to attach the library scaffold to the polymer support is critical. Thus, a variety of elegant linking methods have been developed (i.e., safety-catch linkers 6 ) that enable additional diversity to be introduced into the products during the cleavage reactions. The sulfone linker is an example of a safety-catch linker that can be cleaved from resins by using nucleophilic substitution reactions with amines. 7 We have utilized this general methodology to produce amine-functionalized 2-aminobenzo- [d] oxazole, 1,3,4-oxadiazole, 1,3,4-thiadiazole, and thiazole libraries through consecutive oxidation and amine-promoted cleavage of thiourea linkages produced in carbon disulfide mediated reactions of the Merrifield resin.
5,8 However, our developed method suffered a limitation in that we couldn't efficiently introduce various substitutents such as amine and amides on the 2-position of the benzo[d]oxazole core skeleton by nucleophilic substitution reaction at the last cleavage step as shown Scheme 1 (resin i → compound ii). Moreover the nucleophile substitution reaction of the last cleavage step could only progress with various amine nucleophiles, except for alcohols and thiols. As a result of these limitations, we undertook an investigation aimed at developing efficient and simple parallel synthesis methods to produce various 2-amino and 2-amidobenzo[d]oxazole derivatives by a new type of solid-phase linker which can be used to introduce various substituents on the 2-position of benzo [d] oxazole at the last cleavage step. Herein we report our recent progress on this project which includes the first solid-phase synthesis protocol for 2-amino and 2-amidobenzo[d]oxazole derivatives 7 and 8 (Scheme 1; resin 4 → compound 7).
Results and Discussion
The overall synthesis strategy used to prepare the target 2-amino and 2-amidobenzo[d]oxazole analogues 7 and 8 is outlined in Scheme 2. The initial solid phase synthesis route that we developed to prepare for substances containing the benzo [d] oxazole scaffold involved the formation of the intermediate 2-aminobenzo[d]oxazole resin 4 from solidsupported 2-hydroxyphenylthiourea linker 3, which is derived from the isothiocyanate-terminated resin 2. Next cyclization of thiourea resin 3 in the presence of HgO produced the compound 4 as the key intermediate resin. Subsequently, Nalkylation and N-acylation reactions respectively furnished a variety of resins 5 and 6. Finally, the desired 2-amino and 2-amido substituted benzo[d]oxazole derivatives 7 and 8 were smoothly obtained by cleavage of linker from the 2-N-substituted resins 5 and 6, respectively under the condition of dilute TFA in good yields and purities (Scheme 2).
For the solid-phase parallel synthesis methodology, we selected the backbone amide linker (BAL) resin 1, because we have previously developed a facile and very useful method for synthesizing the isothiocyanate-terminated resin 2 using BAL resin 1. Even though we have previously reported the synthesis of isothiocyanate-terminated resin 2 by reaction with thiophosgene (CSCl 2 ) in the presence of triethylamine in CH 2 Cl 2 at 0 o C to room temperature in high yield, 10 the starting reagent of CSCl 2 was very difficult to purchase from commercial chemical companies since it was designated a ban material of air-transport. Therefore, the effort was focused on the development of more efficient and convenient method for synthesizing the isothiocyanate-terminated resin 2. In our results, we achieved a much higher yield and easier synthesis condition of the isothiocyanate-terminated resin 2 compared to the CSCl 2 reagent method by reaction with amine resin 1 and carbon disulfide (CS 2 ) in the presence of triethylamine (Et 3 N) in tetrahydrofuran (THF) at 0 o C to room temperature, based on Wong's solution-phase synthesis. 9 The formation of resin 2 was confirmed by inspection of its attenuated total reflection (ATR) single bead Fourier transform infrared (FTIR) spectrum, which showed the presence of the typical isothiocyanate band at 2071 cm H NMR spectroscopic properties of 7a, following purified by passing through a short plug of silica, were identical to the corresponding substances produced by using solutionphase synthesis routes.
As shown by the data given in Table 2 , the various desired N-substituted alkylamino benzo[d]oxazole derivatives 7 can be produced by this five-step route in high overall yields and purities. It was possible to introduce various alkyl building blocks on the 2-amino groups of the benzo[d]oxazole core skeleton ring (7a-7t).
Next, the acylation reaction of 2-aminobenzo[d]oxazole resin 4 produced N-substituted amidobenzoxazole resin 6 with various acid chlorides in the condition of LiHMDS in THF solvent at 60 o C for 12 h. This progress of reaction (R 3 = Ph) was also monitored by ATR-FTIR spectroscopy, which revealed the appearance of an amide band at 1643 cm −1 (Figure 1, 6a(f) ). This 2-amidobenzo[d]oxazole resin 6 could easily be converted to the N-substituted amidobenzoxazole derivatives 8 by treatment TFA in CH 2 Cl 2 . As shown by the data given in Table 2 , various N-substituted amidobenzoxazole derivatives 8 (8a-8t) could be produced by this five-step route in high overall yields and purities.
In this research, an efficient solid-phase methodology has been developed for the synthesis of 2-aminobenzo 
a Five-step overall yields from BAL resin 1 (loading capacity of resin 1 is 1.1 mmol/g).
b
All of the purified products were checked by LC/MS.
an efficient solid-phase sequence, enables the construction of a large library and is potentially applicable for the preparation of other drug-like 2-aminobenzo[d]oxazole ring systems. Finally, the calculated physicochemical properties of members of the library constructed by using this approach are well distributed within reasonable, orally acceptable, drug-like ranges. Further studies in this area are underway, the results of which will be reported in due course.
Experimental Section
General Procedure for Synthesis. All chemicals were reagent grade and used as purchased. Reactions were monitored by thin layer chromatography (TLC) analysis using Merck silica gel 60 F-254 thin layer plates or ATR-FTIR analysis using ATR-FTIR spectrometer (Smiths Detection). Flash column chromatography was carried out on Merck silica gel 60 (230-400 mesh). The crude products were purified by parallel chromatography using Isorea One (Biotage).
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H NMR and
13
C NMR spectra were recorded in d units relative to deuterated solvent as an internal reference using a Bruker 400 MHz NMR instrument. Liquid chromatography-mass spectrometry (LC-MS/Agilent 6400) analysis was performed on an electrospray ionization (ESI) mass spectrometer with Diode-array detector (DAD) detection. LC-MS area percentage purities of all products were determined by LC peak area analysis (Poroshell 120 EC-C 18 column, 4.6 mm × 100 mm; PDA detector at 254 nm; 70/30: CH 3 CN/5 mM NH 4 HCO 2 ). High-resolution mass spectrometry fast-atom bombardment (HRMS-FAB) spectra were obtained using API 4000Q TRAP LC/MS/MS system (Applied Biosystems).
Representative Procedure for the Preparation of Isothiocyanate-terminated Resin (2). To a mixture of BOMBA resin 1 (5.00 g, 5.5 mmol) in THF (80 mL) was added Et 3 N (7.67 mL, 55.0 mmol) and CS2 (1. 
